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(54) COMPOSITE OXIDE HAVING OXYGEN-ABSORBING AND RELEASING ABILITY AND ITS 
PRODUCTION 

(57)Abstract: 

PURPOSE: To obtain the composite oxide having an excellent oxygenabsorbing and releasing ability 
and having a &phiv; phase as a crystal phase by adding specific metal oxides. 

CONSTITUTION: A solution containing cerium ions, zirconium ions and hafnium ions is mixed with a 
solution containing other ions such as titanium ions or tungsten ions and an ammonium aqueous 
solution, an ammonium bicarbonate aqueous solution or an oxalic acid aqueous solution to obtain the 
composite salt precipitates containing the cerium, the zirconium and the hafnium. The precipitates are 
calcined at 500-1 000°C for 1-1 Ohr to obtain the composite oxide having a &phiv; phase as a crystal 
phase. The composite oxide contains 4.99-98. 89wt.% of cerium oxide, 1-95wt.% of zirconium oxide, 
0.01-20wt.% of hafnium oxide, and further 1-10wt.% of another metal oxide such as titanium oxide or 
tungsten oxide or their mixture, and has an oxygen-absorbing and releasing ability of >100(a.mol/g at 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 



1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1 ] It is a multiple oxide containing cerium oxide, a zirconium dioxide, and an oxidation hafnium. 
This multiple oxide contains 4.99 - 98.89 % of the weight of cerium oxide, 1-95 % of the weight of 
zirconium dioxides, and 0.01 - 20 % of the weight of oxidation hafniums. Furthermore, titanium oxide, 
tungstic oxide, nickel oxide, copper oxide, an iron oxide, An aluminum oxide, oxidization silicon, beryllium 
oxide, a magnesium oxide, The multiple oxide which contains phi phase as a crystal phase, including the 
rare earth metal oxides or such mixture other than a calcium oxide, a strontium oxide, the barium oxide, and 
a cerium 0.1 to 10% of the weight, and has the oxygen uptake and emission ability more than 
1 OOmicromol/g in 400-700 degrees C. 

[Claim 2] In the solution containing cerium ion, zirconium ion, and hafnium ion Furthermore, titanium ion, 
tungsten ion, nickel ion, a copper ion, Aluminum ion, silicon ion, beryllium ion, magnesium ion, The 
solution which made calcium ion, strontium ion, barium ion, rare earth metal ion other than a cerium, or 0.1 
- 10 % of the weight of such mixture contain, The manufacturing method of the multiple oxide which has 
the oxygen uptake and emission ability characterized by calcinating these compound salt settlings at the 
temperature exceeding 400 degrees C, and making phi. phase generate as a crystal phase after mixing an 
aqueous ammonia solution, an ammonium bicarbonate water solution, or an oxalic acid water solution and 
preparing compound salt settlings. 

[Claim 3] The manufacturing method of the multiple oxide which has the oxygen uptake and emission 
ability characterized by calcinating to cerium oxide, a zirconium dioxide, and an oxidization hafnium at 
700-1500 degrees C, and making them generate phi phase as a crystal phase after mixing the oxides or such 
mixture of a rare earth metal other than titanium oxide, tungstic oxide, nickel oxide, oxidization copper, an 
aluminum oxide, oxidization-silicon, beryllium oxide, magnesium oxide, a calcium oxide, a strontium oxide, 
the barium oxide, and a cerium and carrying out pressing. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the multiple oxide of the new gestalt which has the oxygen 
uptake and emission ability which is available to the catalyst for exhaust gas clarification, functional 
ceramics, etc., and was especially excellent in them, and its manufacturing method. 
[0002] 

[Description of the Prior Art] Conventionally, improvement of the rate of purification to HC/CO/NOx which 
is an exhaust gas component etc. is performed using the property of the cerium oxide of cerium oxide being 
used in large quantities as the catalyst for exhaust gas clarification, ceramics, etc., for example, carrying out 
oxygen uptake under an oxidizing atmosphere in the catalyst field, and carrying out oxygen emission under 
reducing atmosphere. Moreover, in the ceramic field, it is used for conductive ceramics, such as a solid 
electrolyte, etc. as mixture with other elements, and a compound using the property of said cerium oxide. As 
the method of preparation of such conventional cerium oxide, oxalic acid or ammonium bicarbonate is 
added in the nitrate solution or chloride solution of a cerium, and the method of washing, drying and 
calcinating the settlings obtained a ** exception etc. is learned, for example. 

[0003] However, although the multiple oxide which uses as a principal component the conventional cerium 
oxide manufactured by said approach etc. has oxygen uptake and emission ability, it cannot perform 
sufficient oxygen uptake and emission in 400-700 degrees C, and has the fault of the engine performance 
falling after the heating at high temperature beyond it. 

[0004] By the way, the cerium and zirconium multiple oxide (JP,5- 105428, A) which have hyperoxia 
absorption / emission ability are known conventionally. As a manufacturing method of this multiple oxide, 
after mixing the solution which made other metal ions contain, and an aqueous ammonia solution, an 
ammonium bicarbonate water solution or an oxalic acid water solution in the solution containing cerium ion, 
zirconium ion, and hafnium ion and preparing compound salt settlings in it, the approach of sintering these 
compound salt settlings at the temperature of 300 degrees C or more is shown in it. however, as for said 
sintering temperature, 400 degrees C or less are meant substantially —**** — it does not pass and is not 
taught about the crystal structure of the multiple oxide obtained further having phi phase. When the crystal 
structure of this conventional multiple oxide is investigated in a detail in the example of a comparison 
mentioned later, it has become clear that it is the mixed phase of CaF2 tectofacies, a h-tertragonal phase, and 
a monoclinic phase (refer to drawing 2 ). On the other hand, phi phase of tetragonal is known as a crystal 
phase (V. Longo and D.Minichelli:J.Amer, Ceramic Soc, 56 (1973), 600.-Duran, M Gonzalez, C.Moure, 
J.R.Jurado and C.Pascual: J. Materials Sci., 25 (1990), 5001.). It is reported that this phase will not be 
generated without annealing several months by 993K, and that manufacture is very difficult. Moreover, in 
the multiple oxide containing cerium oxide, a zirconium dioxide, an oxidation hafnium, and other metallic 
oxides, the actual condition is not conventionally known about what has phi phase. 
[0005] 

[Problem(s) to be Solved by the Invention] The purpose of this invention is to offer the new multiple oxide 
which has outstanding oxygen uptake and emission ability, and has phi phase as a crystal phase including 
cerium oxide, a zirconium dioxide, and an oxidation hafnium. 

[0006] Another purpose of this invention is to offer the manufacturing method of the multiple oxide which 
can obtain industrially and easily the multiple oxide which has outstanding oxygen uptake and emission 
ability, and has phi phase as the crystal structure. 
[0007] 

[Means for Solving the Problem] According to this invention, it is a multiple oxide containing cerium oxide, 
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a zirconium dioxide, and an oxidation hafnium. This multiple oxide contains 4.99 - 98.89 % of the weight of 
cerium oxide, 1 - 95 % of the weight of zirconium dioxides, and 0.01 - 20 % of the weight of oxidation 
hafniums. Furthermore, titanium oxide, tungstic oxide, nickel oxide, copper oxide, an iron oxide, An 
aluminum oxide, oxidization silicon, beryllium oxide, a magnesium oxide, The rare earth metal oxides or 
0. 1 - 1 0 % of the weight of such mixture other than a calcium oxide, a strontium oxide, the barium oxide, 
and a cerium is included. The multiple oxide which contains phi phase as a crystal phase, and has the 
oxygen uptake and emission ability more than 1 OOmicromol/g in 400-700 degrees C is offered. According to 
this invention, in moreover, the solution containing cerium ion, zirconium ion, and hafnium ion 
Furthermore, titanium ion, tungsten ion, nickel ion, a copper ion, Aluminum ion, silicon ion, beryllium ion, 
magnesium ion, The solution which made calcium ion, strontium ion, barium ion, rare earth metal ion other 
than a cerium, or 0. 1 - 1 0 % of the weight of such mixture contain, After mixing an aqueous ammonia 
solution, an ammonium bicarbonate water solution, or an oxalic acid water solution and preparing 
compound salt settlings, These compound salt settlings are calcinated at the temperature exceeding 400 
degrees C, and the manufacturing method (the 1 st manufacturing method is called below) of the multiple 
oxide which has the oxygen uptake and emission ability characterized by making phi phase generate as a 
crystal phase is offered. According to this invention, furthermore, to cerium oxide, a zirconium dioxide, and 
an oxidation hafnium Titanium oxide, tungstic oxide, nickel oxide, copper oxide, an aluminum oxide, 
Oxidization silicon, beryllium oxide, magnesium oxide, a calcium oxide, a strontium oxide, After mixing 
the oxides or such mixture of a rare earth metal other than the barium oxide and a cerium, Pressing is carried 
out, it calcinates at 700-1500 degrees C, and the manufacturing method (the 2nd manufacturing method is 
called below) of the multiple oxide which has the oxygen uptake and emission ability characterized by 
making phi phase generate as a crystal phase is offered. 

[0008] This invention is further explained to a detail below. The multiple oxide (a multiple oxide A is called 
below) which has the oxygen uptake and emission ability of this invention contains the rare earth metal 
oxides or 0.1 - 10 % of the weight (a metallic oxide besides the following is called) of such mixture other 
than titanium oxide, tungstic oxide, nickel oxide, oxidization copper, ferrous oxide, an aluminum oxide, 
oxidization silicon, beryllium oxide, magnesium oxide, a calcium oxide, a strontium oxide, the barium 
oxide, and a cerium further including 4.99 - 98.89 % of the weight of cerium oxide, 1 - 95 % of the weight 
of zirconium dioxides, and 0.01 - 20 % of the weight of oxidization hafniums. Under the present 
circumstances, the content rate of each component cannot demonstrate sufficient oxygen uptake and 
emission ability, when [ said ] out of range. 

[0009] In a 400-700-degree C temperature requirement, more than 1 OOmicromol/g, preferably, the multiple 
oxide A of this invention hasthe oxygen uptake and emission ability more than 1 50micromol/g, and the 
valence of the cerium in a multiple oxide A is tetravalence at the time of manufacture, and serves as trivalent 
by heating under reduction of the hydrogen air-current middle class, and it produces such oxygen uptake and 
emission ability by this valence change. Moreover, the zirconium and hafnium to contain are a component 
which promotes the oxygen uptake and emission ability of a cerium, and the valence is fixed at tetravalence. 
Moreover, it has phi phase as the crystal structure. As for this phi phase, phi phase of tetragonal is known 
(V. Longo and D.Minichelli:J.Amer, Ceramic Soc, 56 (1973), 600.-Duran, M Gonzalez, C.Moure, 
J.R.Jurado and C.Pascual: J. Materials Sci., 25 (1990), 5001.). In generated phi phase, the h-tetragonal phase 
of tales doses and CaF2 tectofacies contain. This phi phase is a crystal phase which shows a peak to the field 
(1 1 1), the field (002), the field (200), the field (202), the field (220), the field (113), field (311), and (222) 
field of the X diffraction pattern computed by count, and can be identified according to an X diffraction. 
[0010] According to the 1st manufacturing method of this invention, in order to prepare said multiple oxide 
A In the solution containing cerium ion, zirconium ion, and hafnium ion Titanium ion, tungsten ion, nickel 
ion, a copper ion, iron ion, The solution containing aluminum ion, silicon ion, beryllium ion, magnesium 
ion, calcium ion, strontium ion, barium ion, other rare earth metal ion other than a cerium, or these mixed 
ion, An aqueous ammonia solution, an ammonium bicarbonate water solution, or an oxalic acid water 
solution is mixed, and a cerium, a zirconium, and hafnium content compound salt settlings are prepared first. 
The solution containing this cerium ion, zirconium ion, and hafnium ion can be obtained by the approach of 
mixing for example, a cerium-nitrate water solution and a hafnium content zirconium nitrate water solution 
etc. 

[001 1] The concentration of the solution containing said cerium ion, zirconium ion, and hafnium ion carries 
out the oxide conversion of each ion, 30-200g /is [ 1. ] the range of 50-100g/l. especially preferably, and its 1, 
is [ the concentration of other metal ion solutions carries out the oxide conversion of the ion and ] preferably 
desirable in 50-100g /. Moreover, the blending ratio of coal of cerium ion, zirconium ion, hafnium ion, and 
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other metal ions converts each ion by the weight ratio as an oxide, and it is desirable that it is 4.99-98.89:1- 
95:0.01-20:0.1-10. Under the present circumstances, when the mixed rate of other metal ions is less than 0.1 
% of the weight, it is difficult to make phi phase generate. 

[0012] Furthermore, in the case of an aqueous ammonia solution, in the case of 1-1 .5N, and an ammonium 
bicarbonate water solution, 1-2 Ns, when 50-200g /of concentration of the solution mixed in said metal ion 
solution is [ 1. ] 100-150g [ 1. ] /and an oxalic acid water solution especially preferably preferably, it is [ 1. ] 
the range of 50-60g/l. especially preferably 50-1 OOg /especially preferably preferably. Moreover, the mixed 
rate with the solution containing said metal ion, an aqueous ammonia solution, an ammonium bicarbonate 
water solution, or an oxalic acid water solution is a weight ratio, respectively, and 1:1-1:10 are desirable. 
Under the present circumstances, the compound salt settlings obtained are for example, a compound 
hydroxide, a compound carbonate, etc. 

[001 3] Subsequently, the multiple oxide of the request which has phi phase can be obtained by calcinating 
[ at the temperature which exceeds 400 degrees C for said compound salt settlings ] 500-1000 degrees C in 
750-1000 degrees C for 1 to 10 hours especially preferably. When said sintering temperature is 400 degrees 
C or less, desired phi phase cannot be made to generate. Moreover, after hydrothermal processing etc. 
carries out compound salt settlings beforehand, said baking process can also be performed. This 
hydrothermal processing can usually be carried out with an autoclave etc., and it is desirable for the 
temperature in that case to be 100-135 degrees C, and for the range of the processing time to be 0.5 - 1 hour. 

[0014] Moreover, in order to prepare a multiple oxide A according to the 2nd manufacturing method of this 
invention, after mixing the oxides or such mixture of a rare earth metal other than titanium oxide, tungstic 
oxide, nickel oxide, oxidization copper, an aluminum oxide, oxidization silicon, beryllium oxide, 
magnesium oxide, a calcium oxide, a strontium oxide, the barium oxide, and a cerium to cerium oxide, a 
zirconium dioxide, and an oxidization hafnium, pressing is carried out to them and it calcinates at specific 
temperature to them. A hafnium content zirconium dioxide can also be used as said zirconium dioxide and 
an oxidization hafnium. The blending ratio of coal of each of said metallic oxide is a weight ratio, and it is 
desirable that it is the rate of the metallic oxides 0.1-10 besides cerium oxide 4.99-98. 89:zirconium dioxide 
1 - 95:oxidation hafnium 0.01-20:. When the mixed rate of a metallic oxide besides the above is less than 
0.1 % of the weight, generation of phi phase is difficult. 

[0015] In order to mix said metallic oxide, it is desirable to mix to homogeneity using the usual ball mill etc. 
Next, pressing of the mixed metallic oxide is preferably carried out to a pellet type etc. by the pressure of 
200-1000kg/cm2 with a pressing machine. After that, preferably, the obtained moldings is 900-1300 degrees 
C, and can obtain 700-1 500 degrees C of multiple oxides A of the request which has phi phase by carrying 
out heating sintering for 1 to 1 0 hours. The obtained sintered compacts are grinders, such as a ball mill, and 
it is desirable to grind and use for 1 .0-100 micrometers preferably. When said sintering temperature is less 
than 700 degrees C, since oxygen uptake and emission ability will fall if generation of desired phi phase is 
not obtained and it exceeds 1500 degrees C, it is not desirable. 
[0016] 

[Effect of the Invention] Since the multiple oxide A of this invention has phi phase as a crystal phase 
including cerium oxide, a zirconium dioxide, and an oxidation hafnium, in a 400-700-degree C temperature 
requirement, it shows the oxygen uptake and emission ability more than 1 OOmicromol/g, therefore replaces 
it with conventional cerium oxide and a cerium, and a zirconium multiple oxide, and is very useful in the 
catalyst field and the functional-ceramics field. Moreover in the manufacturing method of this invention, the 
multiple oxide A which has the aforementioned phi phase can be obtained easily in a short time. 
[0017] 

[Example] Hereafter, although an example and the example of a comparison explain to a detail further, this 

invention is not limited to these. 

[0018] 

[Example 1] It sintered after mixing with the ball mill, and 0.4g (99.9% of purity) of general marketing 
calcium oxides was sintered at 1500 degrees C among [ after fabricating a pellet ] atmospheric pressure as 
moulding pressure of 500kg/cm2 with the pressing machine for 5 hours with 23. 9g (triple-purpose metal- 
industry incorporated company make: 99.9%) of cerium oxide, and 25. 7g (triple-purpose metal industry 
incorporated company make, 98.83 % of the weight of zirconium dioxide purity) of zirconium dioxides 
containing 1 .17 % of the weight of oxidization hafniums. The ball mill ground this pellet and 50g of 
multiple oxides was obtained. Oxygen uptake and an emission ability property were measured using the 
electrochemical oxygen-pumping type closed circuit oxygen analyzer shown in "detection of the phase 
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change of the praseodymium oxide thin film by the closed circuit oxygen tools of analysis using a solid 
electrolyte" (Shinya Yao, Zensaku Yukitsuka: electrochemistry (electrochemistry association magazine) 61, 
No.2, P262 (1993)) in the obtained multiple oxide. A result is shown in Table 1 . Moreover, when X-ray 
diffractometer (Shimadzu Corp. make) performed diffraction of the crystal structure, it has checked having 
phi phase. The result is shown in drawing 1 . Furthermore, the presentations of the obtained multiple oxide 
were 47.7 % of the weight of cerium oxide, 50.9 % of the weight of zirconium dioxides, 0.6 % of the weight 
of oxidation hafniums, and 0.8 % of the weight of calcium oxides. 
[0019] 

[Example 2] 79ml of cerium-nitrate water solutions with a cerium oxide concentration of 300g [/I. ] which 
dissolved in water and prepared the high grade cerium-nitrate solution (triple-purpose metal industrial-stock 
type firm make: 99.9% of purity), 68ml of zirconium-nitrate content water solutions of 25 % of the weight 
of zirconium dioxide concentration which dissolved in water and prepared the zirconium-nitrate content 
solution which contains a hafnium 1.17% of the weight to the zirconium whole quantity, 8ml of nitric-acid 
yttrium water solutions with a yttrium oxide concentration of lOOg [/I. ] which dissolved in water and 
prepared the nitric-acid yttrium (triple-purpose metal industrial-stock type firm make: 99.9 % of the weight 
of purity) is mixed. Ce:Zr:Hf:Y=49.9: It is 47.8:0.7:1.6 (weight ratio), and the cerium ion made into the 
multiple oxide concentration of 50g/l., zirconium ion, hafnium ion, and an yttrium ion content solution were 
prepared. 

[0020] Subsequently, addition mixing of the 11. of the 150g [/l. ] ammonium bicarbonate water solutions 
independently prepared in 11. of obtained solutions was carried out, and the settlings of a cerium, a 
zirconium, a hafnium, and an yttrium content compound carbonate were obtained. 

[0021] The obtained compound carbonate was calcinated at 900 degrees C for 5 hours, and 50g of multiple 
oxides was obtained. The presentations of this multiple oxide are 47.6 % of the weight of cerium oxide, 50.2 
% of the weight of zirconium dioxides, 0.6 % of the weight of oxidation hafniums, and 1 .6 % of the weight 
of yttrium oxide, and it turned out that it has phi phase according to the X diffraction. Furthermore, the 
oxygen absorption/emission property of a multiple oxide was measured like the example 1. A result is 
shown in Table 1 . 
[0022] 

[Example 3] It sintered after mixing with the ball mill, and 0.3g (the Wako Pure Chem Industries make: 
99.9% of purity) of magnesium oxide was sintered at 1300 degrees C among [ after fabricating a pellet ] 
atmospheric air as moulding pressure of 500kg/cm2 for 5 hours with the pressurization machine with 12.8g 
(triple-purpose metal-industry incorporated company make: 99.9% of purity) of cerium oxide, and 36. 9g 
(triple-purpose metal-industry incorporated company make: 98.83 % of the weight of zirconium dioxide 
purity) of zirconium dioxides contained 1 .17 % of the weight of oxidization hafniums. The ball mill ground 
this pellet and the multiple oxide was obtained. About the obtained multiple oxide, the oxygen 
absorption/emission property was measured like the example 1 . A result is shown in Table 1 . Moreover, the 
presentations of a multiple oxide are 25.6 % of the weight of cerium oxide, 72.9 % of the weight of 
zirconium dioxides, 0.9 % of the weight of oxidation hafniums, and 0.6 % of the weight of magnesium 
oxides, and it turned out that it has phi phase as a result of an X diffraction. 
[0023] 

[The examples 1 and 2 of a comparison] The multiple oxide was prepared with the wet coprecipitation 
method like the example 2 except having used a raw material which serves as a presentation shown in Table 
1. The oxygen absorption/emission property of the obtained multiple oxide was measured like the example 
1. The result is shown in Table 1. Moreover, the X diffraction as well as an example 1 was performed. The 
result is shown in drawing 2 . 
[0024] 

[The examples 3 and 4 of a comparison] The multiple oxide was prepared with the dry-blending sintering 
process like the example 1 except having used a raw material which serves as a presentation shown in Table 
1 . The oxygen absorption/emission property of the obtained multiple oxide was measured like the example 
1 . The result is shown in Table 1 . Moreover, the X diffraction as well as an example 1 was performed. The 
result is shown in drawing 2 . 
[0025] 
[Table 1] 
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DRAWINGS 
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WRITTEN AMENDMENT 



[a procedure revision] 

[Filing Date] October 12, Heisei 7 
[Procedure amendment 1 ] 
[Document to be Amended] Specification 
[Item(s) to be Amended] Claim 2 
[Method of Amendment] Modification 
[Proposed Amendment] 

[Claim 2] In the solution containing cerium ion, zirconium ion, and hafnium ion Furthermore, titanium ion, 
tungsten ion, nickel ion, a copper ion, Iron ion, aluminum ion, silicon ion, beryllium ion, magnesium ion, 
The solution which made calcium ion, strontium ion, barium ion, rare earth metal ion other than a cerium, or 
0.1 - 10 % of the weight of such mixture contain, The manufacturing method of the multiple oxide which 
has the oxygen uptake and emission ability characterized by calcinating these compound salt settlings at the 
temperature exceeding 400 degrees C, and making phi phase generate as a crystal phase after mixing an 
aqueous ammonia solution, an ammonium bicarbonate water solution, or an oxalic acid water solution and 
preparing compound salt settlings. 
[Procedure amendment 2] 
[Document to be Amended] Specification 
[Item(s) to be Amended] Claim 3 
[Method of Amendment] Modification 
[Proposed Amendment] 

[Claim 3] The manufacturing method of the multiple oxide which has the oxygen uptake and emission 

ability characterized by calcinating to cerium oxide, a zirconium dioxide, and an oxidization hafnium at 

700-1500 degrees C, and making them generate phi phase as a crystal phase after mixing the oxides or such 

mixture of a rare earth metal other than titanium oxide, tungstic oxide, nickel oxide, oxidization copper, 

ferrous oxide, an aluminum oxide, oxidization silicon, beryllium oxide, magnesium oxide, a calcium oxide, 

a strontium oxide, the barium oxide, and a cerium and carrying out pressing. 

[Procedure amendment 3] 

[Document to be Amended] Specification 

[Item(s) to be Amended] 0007 

[Method of Amendment] Modification 

[Proposed Amendment] 

[0007] 

[Means for Solving the Problem] According to this invention, it is a multiple oxide containing cerium oxide, 
a zirconium dioxide, and an oxidation hafnium. This multiple oxide contains 4.99 - 98.89 % of the weight of 
cerium oxide, 1 - 95 % of the weight of zirconium dioxides, and 0.01 - 20 % of the weight of oxidation 
hafniums. Furthermore, titanium oxide, tungstic oxide, nickel oxide, copper oxide, an iron oxide, An 
aluminum oxide, oxidization silicon, beryllium oxide, a magnesium oxide, The rare earth metal oxides or 
0. 1 - 10 % of the weight of such mixture other than a calcium oxide, a strontium oxide, the barium oxide, 
and a cerium is included. The multiple oxide which contains phi phase as a crystal phase, and has the 
oxygen uptake and emission ability more than 1 OOmicromol/g in 400-700 degrees C is offered. According to 
this invention, in moreover, the solution containing cerium ion, zirconium ion, and hafnium ion 
Furthermore, titanium ion, tungsten ion, nickel ion, a copper ion, Iron ion, aluminum ion, silicon ion, 
beryllium ion, magnesium ion, The solution which made calcium ion, strontium ion, barium ion, rare earth 
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metal ion other than a cerium, or 0.1 - 10 % of the weight of such mixture contain, After mixing an aqueous 
ammonia solution, an ammonium bicarbonate water solution, or an oxalic acid water solution and preparing 
compound salt settlings, These compound salt settlings are calcinated at the temperature exceeding 400 
degrees C, and the manufacturing method (the 1st manufacturing method is called below) of the multiple 
oxide which has the oxygen uptake and emission ability characterized by making phi phase generate as a 
crystal phase is offered. According to this invention, furthermore, to cerium oxide, a zirconium dioxide, and 
an oxidation hafnium Titanium oxide, tungstic oxide, nickel oxide, copper oxide, an iron oxide, an 
aluminum oxide, Oxidization silicon, beryllium oxide, magnesium oxide, a calcium oxide, a strontium 
oxide, After mixing the oxides or such mixture of a rare earth metal other than the barium oxide and a 
cerium, Pressing is carried out, it calcinates at 700-1500 degrees C, and the manufacturing method (the 2nd 
manufacturing method is called below) of the multiple oxide which has the oxygen uptake and emission 
ability characterized by making phi phase generate as a crystal phase is offered. 
[Procedure amendment 4] 
[Document to be Amended] Specification 
[Item(s) to be Amended] 001 8 
[Method of Amendment] Modification 
[Proposed Amendment] 
[0018] 

[Example 1] It sintered after mixing with the ball mill, and 0.4g (99.9% of purity) of general marketing 
calcium oxides was sintered at 1 500 degrees C among [ after fabricating a pellet ] atmospheric pressure as 
moulding pressure of 500kg/cm2 with the pressing machine for 5 hours with 23. 9g (triple-purpose metal- 
industry incorporated company make: 99.9%) of cerium oxide, and 25. 7g (triple-purpose metal industry 
incorporated company make, 98.83 % of the weight of zirconium dioxide purity) of zirconium dioxides 
containing 1.17 % of the weight of oxidization hafniums. The ball mill ground this pellet and 50g of 
multiple oxides was obtained. Oxygen uptake and an emission ability property were measured using the 
electrochemical oxygen-pumping type closed circuit oxygen analyzer shown in "detection of the phase 
change of the praseodymium oxide thin film by the closed circuit oxygen tools of analysis using a solid 
electrolyte" (Shinya Yao, Zensaku Yukitsuka: electrochemistry (electrochemistry association magazine) 61, 
No. 2, P262 (1993)) in the obtained multiple oxide. A result is shown in Table 1. Moreover, when X-ray 
diffractometer (Shimadzu Corp. make) performed diffraction of the crystal structure, it has checked having 
phi phase. The result is shown in drawing 1 . Furthermore, the presentations of the obtained multiple oxide 
were 57.7 % of the weight of cerium oxide, 41.0 % of the weight of zirconium dioxides, 0.5 % of the weight 
of oxidation hafniums, and CL8 % of the weight of calcium oxides. 
[Procedure amendment 5] 
[Document to be Amended] Specification 
[Item(s) to be Amended] 0025 
[Method of Amendment] Modification 
[Proposed Amendment] 
[0025] 
[Table 1] 
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